Experimental methods
All STM experiments were performed in a commercial LT-STM chamber operated in ultrahigh vacuum. The samples were scanned at 77 K with a chamber pressure of 5×10 -11 mbar.
The Cu(111) sample was prepared via multiple cycles of Ar + sputtering (1 keV) and annealing (up to 725 K) in a preparation chamber with a base pressure of 3×10 -10 mbar. The PTO molecules were degassed at 373K for several hours prior to the initial deposition, with a shorter degassing (~10 minutes) at 423K before all subsequent depositions. The PTO was deposited onto the Cu(111) sample with an evaporation temperature of 423K. A typical PTOCu island formed after room temperature deposition is shown in Fig. SI.1. The bias voltage used during scanning was typically −2 V (occupied sample state imaging), with a tunnelling current of 2×10 -11 A. The WSxM software [1] was used to process all STM images.
In all the experiments involving iron deposition, PTO was preliminary deposited onto the 
Computational methods
Our DFT calculations and all postprocessing were carried out with the Quantum-ESPRESSO package suite [2] . Ultrasoft pseudopotentials [3] and PBE-GGA exchange-correlation [4] were used, the latter corrected by the vdW-DF functional [5] to account for dispersive interactions.
The wavefunction energy cutoff was set to~408 eV (30 Ry) for all simulations. The sampling of the Brillouin zone used a 4×4×1 Monkhorst-Pack grid, and a dipole correction was added to all metal slab calculations [6] . The Cu(111) surface was modelled by a three-layer slab, leaving~12.5 Å of vacuum between periodic images. Structure optimisations were performed up to a force convergence threshold of 0.025 eV/Å (keeping the bottom layer constrained to the bulk). The simulated STM images were obtained by using the Tersoff-Hammann method [7] .
Monte Carlo model
A lattice gas model was implemented in order to determine the effect of PTO-metal (M) bond strength on the morphology of the MOS. Near-equilibrium growth was simulated by using a standard equilibrium Monte Carlo sampling, with each particle in the simulation representing a PTO-M unit. These "structureless" particles were accommodated on a hexagonal lattice and allowed to interact through a two-component coupling, active between nearest neighbour particles only. Namely, a higher attractive coupling was preset for bonding oriented along the three high symmetry directions to mimic the MO bonds, while a weaker attractive coupling was included to model secondary van der Waals interactions. In detail, the directional MO coordination bonds were represented by randomly assigning an integer "direction index" δ to each particle (δ =1 A single MO coordination bond was accounted for when two neighbouring particles had the same δ index, limited to two directional MO bonds per particle. The ratio between the MO coupling constant (JMO) and the vdW one (JK) was set to JMO/JK = 50, consistent with DFT bond energy estimates. Monte Carlo moves included standard particle swaps and rotations, the latter implemented by randomly changing the direction index δ. All configuration space samplings were carried out through the standard Metropolis algorithm.
Using this set-up to allow our "PTO-M like" particles to explore the available configuration space invariably produced low energy structures consisting of extended, ordered islands oriented along one of the available three directions ( (Fig. 6) . These findings qualitatively suggest that the formation of low dimensional structures can be the result of quenching chemical reordering due to strong bond formation under high Fe deposition flux, while thermodynamic equilibrium would still be expected to involve the formation of mono-oriented PTO-M islands.
Synthesis
PTO was prepared according to the reported literature procedure [8] .
Minority MO packing in PTO-copper assemblies
PTO molecules deposited on Cu(111) self-assembled by forming large islands with a rhombic unit cell (see figure 2 in the main paper). Rarely, a different molecular assembly with a different unit cell was observed growing from step edges, both on the upper and lower terraces ( Fig. SI.8(a) ). This structure involved pairs of Cu adatoms rather than single adatoms between neighbouring PTO molecules, in contrast to the majority PTO-Cu islands that formed on the terraces (Fig. 2(b) ). The unit cell of this arrangement, shown in figure SI. obtained by using the Tersoff-Hammann approach [7] . Cu adatoms appear as protrusions, the PTO shape reflects the spatial distribution of the LUMO of a neutral PTO molecule in gas phase [9] . 
